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This report covers Experiment VII of seven experiments to be conducted over a
52-month period beginning May 1, 1969. Experiment I showed that isometric and
isotonic training on the Exer-Genie gave negligible increases in cardiorespiratory
fitness whereas training on the ergometer at a programmed pulse rate increased
fitness moderately. In Experiment II it was found that either (a) exetrcising on
the Collins Pedal Mode Ergometer at 160 pulse rate, ten minutes a day, five days
a week, or (b) exercising on the ergometer at 857 maximum pulse rate, ten

minutes a day, five days a week would promote moderate increases in fitness.
Training in a supine position on the Exer-Genie at 160 pulse rate, twenty minutes
a day, five days a week, showed no significant change in fitness. In Experiment
IiT, men 30-45 years old made moderate gains in fitness by exercising three or
five days a week for ten minutes a day on a bicycle ergometer at a pulse rate of
85% maximum. A group which worked at this level on the ergometer for three days
a week and two days a week on an Exer-Genie c¢circult made similar gains. 1In
Experiment IV three exercise groups worked on a foot-mode ergometer for twenty
minutes a day, three days a week, at 85% maximum pulse rate. On the alternate
days one group worked on a hand-mode ergometer for twenty minutes a day at 70%
maximum pulse rate, a second group had the same schedule on a hand-mode ergometer
at 85% maximum pulse rate, and a third group worked for twenty minutes a day on
an Exer-Genie circuwit. These groups made slight gains in strength and moderate
gains in cavdiopulmonary fitness, All the exercise groups in Experiment V made
moderate gains in cardiopulmonary fitness. One group worked thirty minutes a
day, three days a week, on a hand-mode ergometer at 35% maximum pulse rate, A
second group worked thirty minutes a day, three days a weelk, on a foot-mode
ergometer at 857 maximum pulse rate. A third group worked thirty minutes a day,
three days a week, on a Universal Gym. The subjects exercising on the Universal
Gym gained in arm and shoulder girdle strength and the subjects exercising on the
foot-mode ergometer gained in leg strength. A training program to increase both
strength and cardiopulmonary fitness was the design of Experiment VI. The three
exercise groups worked fifteen minutes a day, three days a week on a foot-mode
ergometer at 85% of their maximum heart rate. Each group immediately followed
this with ap additional fifteen minutes of exercise: one group on a hand-mode
ergometer, a second group on an Exer-Genie circuit, and the third on a Super
Mini-Gym cirecuit. All groups made moderate cardiopulmonary gains but only the
Exer-Genie and Mini-Gym effectively increased strength,
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Experiment VII: An Evaluation of the Effects of Bed Rest,
Sleep Deprivation and Discontinuance of
Training on the Physical Fitness of
Highly Trained Young Men

Harry Olree, Bob Corbin, Gene Dugger, Carroll Smith
Harding College
Searcy, Arkansas

I. Introduction

A number of physiclogical changes, which are in general referred to as
deconditioning, result from living in the environment of space. Two possible
ways to minimize the effects of deconditioning in space are to achieve a very
high level of conditioning immediately prior to flight and provide a regimen in
the capsule which will conserve pre-flight physical fitness and maintain a
moderate degree of fitness. This laboratory has been investigating methods and
equipment to determine how these two goals might be efficiently attaiined,

It was determined in this laboratory that rxunning and riding a bicycle
ergometer at comparable heart rates produced similar gains in physical fitness
variables. It was found that subjects who exercised at a 180 heart rate made
greater gains in physical fitness than did those exercising at a 140 or 160
heart rate. When the length of the workout was varied, subjects exercising
sixty minutes per day made greater gains than those exercising twenty or forty
minutes per day. Greater gains on specified components of physical fitness also
resulted in subjects who exercised twelve times'per week when compared to those
who exercised three or six times a week, Subjects who discontinued training
slowly deconditioned, but a moderate level of fitness could be maintained by
exercising at a pulse rate of 160 beats per minute for twenty-minute periods
three times a week. Subjects who "overtrained" twice daily to near exhaustion

increased in fitness,



Exercise programs involving two pieces of equipment, the Exer-Genie
Exerciser and the Collins Pedal Mode Ergometer, have been investigated. It
was found that neither six- nor twelve-minute training periods each day involving
igsometric and isotonic exercises with an Exer-Genie resulted in significant in-
creases in selected physical fitness variables, Training in a supine position on
the Exer-Genie at a 160 pulse rate for twenty minutes per day showed no signifi-
cant change in fitness. Three training programs involving the Collims Ergometer
have been examined. One group of subjects exercised for twelve minutes per day
with the heart rate programmed to increase during the training period. Another
group exercised for ten minutes a day at 85% of their maximum heart rate while
a third group exercised at a 160 heart rate for ten minutes a day. Each of these
zroups showed moderate increases in fitness,

Moderate gains in physical fitness were produced in three exercise groups
of men 30-45 years old who were initially in poor to fair condition, One group
exercised for ten minutes a day, three times a week on a bicycle ergometer at
85% maximum pulse rate. Another group exercised for ten minutes a day, five
times a week on a hicycle erpometer at B85% maximum pulse rate. The third group
exercised for ten minutes a day, three times a week on the bieycle ergometer at
85% wmaximum pulse rate and two times a week on an Exer-Genie circult., These
three exercise groups made comparable gains in fitness.

A combination of exercises has been investigated. One group of subjects
exercised for twenty minutes a day, three days a week, on a foot-mode ergometer
at 85% maximum pulse rate and twenty minutes a day, two days a week, on a hand-
mode ergometer at 70% maximum pulse rate. A second group had the same schedule
but worked on the hand-mode ergometer at 857 maximum pulse rate. The third group
exercised for twenty minutes a day, three days a week, on a foot-mode ergometer

at 85% maximum pulse rate and two days a week on a seven-station Exer-Genie



circuit. These groups made moderate gains in strength and cardiopulmonary
fitness,

Another combination included endurance and strength training in the same
workout, The three exercise groups worked fifteen minutes a day, three days a
week on a foot-mode ergometer at 85% of their maximum heart rate. Each group
immediately followed this with an additional fifteen minutes of exercise. One
group completed two circuits on a seven-station Exer-Genie circuit at each
exercise session. One group exercised on a hand-mode ergometer. The third
group completed two circuits on a seven-station Super Mini-Gym circuit during
each exercise session. All groups made moderate cardiopulmonary gains but only
the Exer-Genie and the Mini-CGym were effective in increasing strength.

An experiment was performed to compare exercise on equipment designed solely
to produce strength, exercise of the lower torso only to produce cardiopulmonary
fitness and exercise of the upper torso only so as to produce cardiopulmonary
fitness. One group worked thirty minutes a day, three days a week, on a Universal
Gym, Another group worked thirty minutes a day, three days a week, on a foot-
mode ergometer at 85% of their maximum pulse rate. A third group worked thirty
minutes a day, three days a week, on a hand-mode ergometer at 55% of their
maximum pulse rate, The group exercising on the Universal Gym gained in arm
and shoulder girdle strength. The subjects exercising on the foot-mode ergometer
gained in leg strength and all groups made moderate zains in cardiorespiratory

fitness.

II. Purpose

The purpose of this experiment was to determine what physiological effects
result when highly trained subjects are confined to bed, deprived of sleep or

allowed to discontinue training.



III, Methods

The subjects in this experiment were twenty college-age male volunteers
whose physical work capacity was above average. Base lines were determined on
specified variables by administering the following: (a) a medical examination,
(b) anthropometric measurements, (c) the Physical Fitness Index Test, (d) three
selected st:ength measurements, (e) a bicycle test, and (f) biochemical analyses
of the blood serum.

The medical examinationm included a six-lead EKG, a vital capacity test (1),
and serum and urine analysis. The following anthropometric measurements were
taken: neck, chest, bicep, forearm, waist, thigh, and calf. A Physical Fitness
Index (PFI) (2) was obtained for each subject based on his: age, height, weight,
vital capacity, grip strength, back strength, leg strength and arm strength. 1In
addition to the PFI, a Strength Quotient was determined by the procedure of
Clarke (3). The Strength Quotient is derived from cable-tension tests of
shoulder extension, knee extension and ankle plantar flexion.

Blood samples were obtained by venipuncture with the subjects in a resting,
fagting state. The following serum determinations were made: glucose by the
o-toluidine method (Woods Scientific Company), total protein by a refractometric
method supplied by American Optical Company, total lipids by the Dade Company
method, phospholipids by the method of Sunderman (4), cholesterol and triglycerides
by methods supplied by Oxford Laboratories, and sodium, potassium and calcium on
a Coleman flame photometer.

Each subject was given a bicycle test consisting of a five-minute rest
period followed by five minutes of work at each of three work levels, 25, 50 and
75% of maximal load. The work load was then increased by 75 kpm per minute
until the pulse rate reached 180 beats per minute. Pulse rate and blood pressure,

diastolic and systolic, were taken manually each minute during the resting,
~



recovery, and working phases. Pulmopary ventilation was measured and sxpired
gas samples were collected during the fourth and f£ifth minutes of the resting,
recovery, and exercise phases of the test. Using a single-breath procedure
developed by Kim, et al, (5) and modified by Buderer, et al. (6) at the Johnson
Spacecraft Center Environmental Physiology Laboratory, measurements were made
during the fourth minute of the rest, recovery, and the first three exercise
phases, with a Medspect Medical Mass Spectrometer and an X-Y plotter, from which
cardiac output was estimated.

By using a table of random numbers the twenty subjects were divided into
four groups of five each. fhree groups were trained and the fourth served as a
control, engaging in their normal daily activities without any specified training
program. The training program consisted of runmning approximately three miles
per day, three days a week and working on a Universal Gym for thirty minutes a
day, twice a week. The subjects were encouraged to exercise more than the above
and many did. The training phase lasted approximately twelve weeks and an
intermediate bicycle test was administered to assess physical work capacity. At
the end of the training period all subjects were evaluated by administering
(a) anthropometric measurements, (b) the Physical Fitness Test, (c) three
selected strength measurements, (d) a bicycle test, and (e) biochemical analyses
of the blood serum to determine the effect of the training program and to
establish new base lines for comparing post-stress measurements.

At this time the trained subjects were stressed. The five subjects in
Group A were confined to a horizontal position in bed for five days. They were
allowed to get out of bed for bowel movements only. The bathroom was within
ten feet of the beds. The subjects in Group B reverted to a normal daily
schedule without participating in a training program. The subjects in Group

C were kept awake and moving for fifty hours, Group D was the control group.



All subjects were evaluated immediately post-stress by administering (a) a
bicycle test, (b) three selected strength measurements, and {c¢) biochemical
analyses of the blood serum, Post-stress, all subjects were required to revert
to a normal daily schedule without participation inm a training program. Bicycle
tests were given every two weeks for six weeks following stress.

The data were analyzed by analysis of variance and Duncan's Multiple Range
tests on selected contrasts where indicated. The following model was used for
the analysis of variance: Yijkl = U+ Ay + Bj(i) + G El(ijk)’ where A
represents the groups and is considered fixed, B represents the subjects and is
considered random, and C represents the tests and is considered fixed. Although

there were seven test periods, the data were analyzed two periods at a time.

TABLE I

ANOVA TABLE

Source Df E(ms) F
Total N-1

~2 -2 -2 5
(A) Groups n-1 (1) 7 g Tpay T P9 Ta 1/
B(A) Subjects in -2 - 2
Groups n(p-1) (2) ;" +4q 7 B(a)

2 g 2 2
C Tests (g-1) (3) o + < B@A]T +np o 3/5
AC Groups, Tests - (n.Ty(q-1) (&) ¢ ¢ spayic P CAC 415
Interaction e E B(A)JC
B(A)] C Subjects 2 2
in Groups, Tests n(p-1)(q-1) (3 g + “B(A) C

Interaction

In the Anova Table the number of observations (M) is forty for all variables.

The number of groups (n) is four, the number of subjects per group (p) is five

and the number of tests (q) ig two for all variables.



IV. Results
The average age, height, and weight for each group prior to the beginning

of the training are given in Table II.

TABLE I1

MEAN AGE, HEIGHT, AND WEIGHT OF SUBJECTS

GROUP AGE HEIGHT WEIGHT
(vr) " {cm) (kg)
A - Bed Rest 18.6 175.2 70.6
B - Quit Training 21.0 175.0 71.6
C - Sleep Deprivation 19.6 170.8 64 .8
D - Control 19.6 177.2 66,2
ALL 19.7 1 174.5 68.3

The significant changes that were found for all variables that were
measured pre- and post-training and pre- and post-stress are listed in Tables
III and IV, respectively, The significance level is indicated (p = 0.1, 0.05,
0.0 or 0,001). A significant decrease is indicated by a minus sign in front
of the significance level and a significant increase is indicated by the lack

of a sign.



TABLE III

SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES
MEASURED PRE- AND POST-TRAINING

GROUP
VARIABLE A B C D
Quit Sleep
Bed Rest Training Deprivation Control
ANTHROPOMETRIC MEASUREMENTS
Neck
Chest 0.01 0.1
Left Bicep 0.05 a.1
Right Bicep .01 0.1 0.01
Left Forearm 0.1 0.05
Right Forearm 0.1
Waist 0.1
Left Thigh 0.1
Right Thigh 0.05
Left Calf 0.1
Right Calf 0.05
STRENGTH MEASUREMENTS

Pullups 0.05 0.01 0.05 0.05
Dips 0.1 0.01
Arm Strength 0.00L 0.001 0.001
Left Hand Grip
Right Hand Grip 0.1
Leg Strength 0.05. -0.1
Back Strength
Strength Index 0,05 0,05 ¢.001
Physical Fitness Index 0.1 0.001

fres



TABLE IIL...SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-
TRAINING....CONTINUED

GRQOUP
VARIABLE A B c D
’ Quit Sleep
 Bed Rest Training Deprivation Control

Shoulder Extension 0.05 -0.05
Knee Extension

Ankle Plantar Flexion 0.01 0.05

Strength Quotient. 0.1 0.05

BLOOD ANALYSES

Protein -0.1

Glucose -0.1

Total Lipids (.01

Cholesterol -0.1

Triglycerides -0.001 0.1
Phospholipids 0.01 -0.05
KNa 0.01

K 0.001 0.01 0.001 6.01
Ca -0.01 -0.001

BICYCLE TEST VARIABLES

Time on Bike 0.001 0.001 0.001 0.05
Systolic Blood Pressure at Rest -0.05
Systolic Blood Pressure at 257 Load -0.01

Systolic Blood Pressure at 50% Load 0,05

Systolic Blood Pressure at 75% Load

Systolic Blood Pressure at 180 p.R. 6.001 0,05 0.05 0.1
Systolic Blood Pfessure at Recovery

Diastolic Blocod Pressure at Rest

Diastolic Blood Pressure at 25% Load -0.05 -0.05

i1



TABLE I1I...SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MFASURED PRE- AND POST-

TRAINING, ...CONTINUED
i GROUP
?
!
VARIABLE A B ¢ D
Quit Sleep
; Bed Rest Training Deprivation Control
Diastolic Blood Pressure at 50% Load ~-0.05 -0.1
Diastolic Blood Pressure at 75% Load
Diastolic Blood Pressure at 180 P.R. -0.1 ~0,05
Diastolic Blood Pressure at Recovery -0.05 -0.1
Pulse Rate at Rest
Pulse Rate at 25% Load -0.05 -0.05
Pulse Rate at 50% Load -0.05 -0.05 -0.01 -0.1
Pulse Rate at 75% Load -0.001 -0.01 -0.001
Pulse Rate at 180
Pulse Rate at Recovery -0.1
éE BTPS at Rest
6E BTPS at 25% Load 0.05
6E BIPS at 50% Load
&E BTPS at 75% Load
Vg BIPS at 180 P.R. 0.000  0.001  0.001
ﬁE BIPS at Recovery 0.1
%E STPD at Rest
Vp STPD at 25% Load 0.05
%E 3TPD at 50% Load
éE STFD at 75% Load
6E STFD at 180 P.R. 0.001 0,001 0.001
GE STPD at Recovery 0.1

Respiratory Rate at Rest

Respiratory Rate at 25% Load




TABLE III...SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-
' TRAINING. . ..CONTINUED

GROUP

VARIABLE A B C D

: Quit Sleep
| Bed Rest Training Deprivation Control

Respiratory Rate at 50% Load -0.1

Respiratory Rate at 757 Load -0.1

Regpiratory Rate at 180 P.R, 0.05
Respiratory Rate at Recovery 0.05

Tidal Volume at Rest 0.05
Tidal Volume at 25% Load 0.1

Tidal Volume at 50% Load

Tidal Volume at 75% Load .05
Tidal Volume at 180 P.R. 0.05
Tidal Volume at Recovery -0,1

%COZ at Rest

6002 at 257 Lead 0.1

6002 at 50% Load -0;05 ~0.1

éCOz at 75% Load

Vo, at 180 P.R. 0.001 0.001 0.001 0.05
ﬁcoz at Recovery

&0 at Rest

V. at 25% Load 0.1

éb at 50% Load -0.05

Vo, at 75% Load

0, at 180 P.R. 0.001 0.001 0.001 0.05
éb at Recovery

Vozlpulse at Rest

Vozlpulse at 25% Load A . 43 0.001 0.05




TABLE IIX...SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-

TRAINING. .

. - CONTINUED

VARTIABLE

i
]
i

A

B

Quit

Bed Rest Training

c D

Sleep
Deprivation Control

Vozlpulse at 50% Load

VOZ/pulse at 75% Load

VOzlpulse at 18
éozfpulse at Re
ﬁozlkgbw-min at
§02/kng'min at
éozlkgbw~min at
ﬁozlkgbw-min at
éozlkgbw-min at
Goz/kgbw-min at

VE/V02 at Rest

0 P.R.
covery
Rest
25% Load
50% Lead
757, Load
180 P.R.

Recovery

VEI’VOZ at 257@ Load

VE/V02 at 50% Load

VE/V02 at 757 Load

Vg/Vg, at 180 P.R.

VE/VOZ at Recovery

Cardiag Qutput
Cardiac Output
Cardiac Qutput
Cardiac Output

Cardiac Qutput

Respiratory Exchange Ratio at Rest
Regpiratory Exchange Ratio at 25% Load

Respiratory Exchange Ratio at 507 Load

at Rest

at 25% Load

at 50% Load

at Recovery

75% Load

0.1
0.05

0.00%

0.001

0.001

-0.05

0.001

0.05 0.05
g.0L.
(.001 0.01

0.65

o.1

0.001 0.001

0.1

0.05

0.1

14




TABLE III...SIGNIFICANCE LEVELS OF CHANGES IN

VARIABLES MEASURED PRE- AND POST-
TRAINING. ...CONTINUED

GROUP

VARIABLE

A B " C D

Quit Sleep
Bed Rest Training Deprivation Control

Respiratory Exchange Ratio at 75% Load
Respiratory Exchange Ratio at 180 P.R.

Respir.itory Exchange Ratio at Recovery

0.1 -0.1

15



TABLE IV

SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES
MEASURED PRE- AND POST-STRESS

i GROUP
VARIABLE A B c D
GQuit . Sleep
Bed Rest Training Deprivation Control

STRENGTH MFASUREMENTS

Shoulder IExtension 0.l -0.1

Knee Extension -0.05
Ankle Plantar Flexion

Strength Quotient -0.1

BLOOD ANALYSI1S

Protein -0,01 0.05

Glucose 0.1

Total Lipids .1 0.01

Cholesterol

Triglycerides 0.05 0.05 -0.1
Phospholipids : -0.05

Na™ 0.05

<"

ca™t 0.05

BICYCLE TEST VARTABLES

Time on Bike -0.001 -0.01
Systolic Blood Fressure at Rest 0.05
Systolic Blood Pressure at 25% Load 0.05 ©-0.05
Systolic Blood Pressure at 50% Load -0.1

Systolic Blood Pressure at 75% Load

Svstolic Blood Pressure at 180 p.R. -0.01

6



TABLE IV.. SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-
STRESS....CONTINUED

GROUP

VARIARLE | A B c D
|
|

Quit Sleep
i Bed Rest Training Deprivation Control

Systolic Blood Pressure at Recovery

Diastolic Blood Pressure at Rest ~0.1 0.1

Diastolic Blood Pressure at 25% Load 0.1 0.01

Diastolic Blood Pressure at 50% Load 0.1

Diastolic Blood Pressure at 75% Load -0,05
Diastolic Blood Pressure at 180 P.R. 0.05
Diastolic Blood Pressure at Recovery 0.1

Pulse Rate at Rest 0.05 0.1

Pulse Rate at 25% Load 0.1 0.1

Pulse Rate at 50% Load 0.01 0.05

Pulse Rate at 75% Load 0.001 0.05 0.0

Pulse Rate at 180

Pulse Rate at Recovery

éE BTPS at Rest

ﬁE BTPS at 25% Load

BTPS at 50% Load

V; BIPS at 75% Load 0.1
BTPS at 180 P.R. -0.01

éE BTP3 at Recovery -0.1
63 STPD at Rest

Vg STPD at 25% Load

%E STPD at 50% Load

Vg STED at 75% Load 0.1

L



TABLE IV..SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-

STRESS....CONTINUED

E GROUP
3 .
VARIABLE T B ¢ D
‘ Quit Sleep
| Bed Rest Training Deprivation Control
Vg STPD at 180 P.R. -0.01
GE STPD at Recovery -0,1
Respiratory Rate at Rest 0.01
Respiratory Rate at 25% Load 0.05
Respiratory Rate at 50% Load 0.1
Respiratory Rate at 75% Load 0.1
lespiratory Rate at 130 P.R. -0.01
Regspiratory Rate at Recovery
Tidal Volume at Rest
Tidal Volume at 25% Load
Tidal Volume at 50% Load -0,05
Tidal Volume at 75% Load 0.05 -0.1 -0.1
Tidal Volume at 130 P.R. -0.05
Tidal Volume at Recovery .05
6002 at Rest
6002 at 25% Load
6002 at 50% Load
6002 at 75% Load 0.05
Vgo, at 180 P.R. -0.00L  -0.05 -0.001
: -0,01

VCOZ at Recovery
V02 at Rest

VO at 257 Load
2

VOZ at 50% Load

38



TABLE IV..SIGNIFICANCE LEVELS OF CHANGES IN VARIABLES MEASURED PRE- AND POST-
STRESS. ...CONTINUED

GROUP
VARIABLE A B c D
Quit Sleep
Bed Rest Training Deprivation Control

Vp,, at 75% Load -0,1
o2

Vbz at 180 P.R. -0.00L -0.0t
V02 at Recovery -0.1

Voz/pulse at Rest
Vozlpulse at 25% Load -0.1
V02/pulse at 507 Load -0.05 ~0.05

Vozlpulse at 75% Load

i

%Ozlpulse at 180 P.R. -0.001 0.1 -0.01
%oé/pulse at Recovery -0,05
ﬁozlkgbw-min at Rest

ﬁozlkgbw-min at 25% Load

bbzlkgbw‘min at 50% Load

hbszgbw-min at 75% Load 0.1

.Vozlkgbw at 180 P.R. -0.001 -0.01
%Oszgbw at Recovery -0.1
hE/boz at Rest 0.05
bE/%OZ at 25% Load

GE/éoz at 50% Load

6E,602 at 75% Load

"’Ef"’o?_ at 180 P.R. -0.05

éEféoz at Recovery

Cardiac Qutput at Rest

Cardiac Qutput at 25% Load

i3



TABLE IV..SICNIFICANCE LEVELS OF CHANGES IN VARTABLES MEASURED FRE- AND POST-
STRESS. . ..CONTINUED

GROUP
VARTABLE LA B - ¢ D
Quit Sleep

| Bed Rest Training Deprivation Control

Cardiac Output at 50% Load

Cardiac Qutput at 75% Load

Cardiac Output at Recovery

Respiratory Exchange Ratic at Rest

Respiratory Exchange Ratio at 257 Load

Respiratory Exchange Ratio at 507 Load

Respiratory Exchange Ratio at 757 Load

Respiratory Exchange Ratio at 180 P.R. -0.1 ~0.05

Respiratory Exchange Ratio at Recovery

In Table III, it is apparent that the three groups which traiped (Groups 4,
B, and C) increased in strength. Group A had five significant increases in
strength variables. Group B had six significant increases and Group C had eight
significant increases. In contrast, the control group (D) had no net changes in
strength variables. Table IV indicates that the strength variables which were
measured pre- and post-stress were not greatly affected by the specific stress
which was inflicted, Each group had one significant decrease.

In Tables III and IV, no pattern emerges in the blood analyses and any
interpretation would be difficult,

Some of the bicycle test variables are the best indicators of cardiopulmonary
fitness. The group means for these variables for the seven bicyele ergometer

tests are plotted in Figures 1-7 inclusive. These seven variables are Time on
Bike, Puls? Rate at 75% Load, Vg BTPS-at 180 P.R., vCOz at 130 B.R., V02 at
180 P.R., Vozlpulse at 180 P.R., and Voszgbw-min at 180 P.R. The three training

w0
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Figure 1. The mean time on the bicycle ergometer per test for all groups throughout the
experimental period. The "Control™ group received no training or stress. The "Quit Train-
ing" group was not stressed other than discontinuance of training after test period three.
Treated groups were trained for approximately thirteen weeks, stressed for one week or
less, and received no training for the following six weeks.
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Figure 2. The mean pulse rate at a 75% work load for all groups throughout the experimental
period. The "Control" group received no training or stress. The "Quit Training" group was

not stressed other than discontinuance of training after test period three., Treated groass
were trained for approximately thirteen weeks, stresgsed for one week or less, and receive
no training for the following six weeks.
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Figure 3. The ‘.’E BTPS at 180 P,R. on the bicycle ergometer for all groups throughout the
experimental period. The "Control” group received no training or stress. The "Quit Training"
group was not stressed other than discontinuance of training after test period three. Treated

- gronps were trained for approximately thirteen weeks, etressed ot ofie week "o legs, and
received no training for the following six weeks.
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Pigure 4. The ﬁco ‘at 180 P,R. on the bicycle ergometer for all groups throughout the
experimental period. The "Control" group received no training or stress. The “Quit Train-
ing" group was not stressed other than discontinuance of training after test period three.

_ Treated groups_were trained for approximately thirteen weeks, stressed for one week or
less, and received no training for the following six weeks.
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Figure 5. The mean V,_ at 180 P.R. for all groups throughout the experimental period. The

"Control" group received no training or stress. The "Quit Training"” group was not stressed
other than discontinuance of training after test period three., .Treated groups were trained

for approximately thirteen weeks, stressed for one week or less, and received no training
for the following six weeks.
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¥igure 6. The @bzlpulse at 180 P.R. on the bicycle ergometer for all groups throughout the
experimental period. The "Control™ group received no training or stress. The "Quit Train-

ing" group was not stressed other than discontinuarce of training after test period three.
Treated groups were trained for approrimately thir!een weeks, stressed. for one week or less,

and received nc training for the foll wing six wee 5.
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Pigure 7, The Vozlkgbw-min at 180 P.R. on the bicycle ergometer for all groups throughout

the experimental period. The "Control" group received no training or stress. The "Quit

“realnlng™ §Youp was ot dtfessed Bther than discontiviuance of training after test periocd-

three. Treated groups were trained for approximately thirteen weeks, stressed for one
week or less, and received no training for the following six weeks,
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Figure 8. The cardiac output at a 75% work load for all groups throughout the experimental

period. The "Control" group received no training or stress. The "Quit Training" group
wag_not stressed other than discontinuance of training after test period three.. Treated.

groups were trained for approximately thirteen weeks, stressed for one week or less, and
received no training for the following six weeks.



groups (A, B, and C) showed highly significant changes in these variables, pre-
versus post-training (Table XII), which indicate inereased cardiopulmonary
fitness. The control group also showed significant changes for some of these
variables but in general at a lower level of significance (Table III). When
the pre~ and post-stress values for these variables are contrasted, the two
groups most severely stressed (A and C) exhibited the most significant changes
{Table IV). Por Group A all seven variables showed significant changes indica-
ting decreased fitness post-stress (Table IV). For Group C six of the seven
vgriables showed significant changes indicating decreased fitness post-stress
(Table IV). Group B, whose only stress was a discontinuance of trairing, had
three significant changes indicating decreased fitness post-stress while the
control group had no significant changes in these seven variables (Table IV).
The curves for the group means plotted in Figures 1 and 3-7 inclusive are
similar. Figure 1, Time on the Bike, is representative of the directional
tendencies of thé group cutves in these figures during the experimental period
and therefore it will be discussed in detail, The control curve fluctuates
slightly but there are no sharp changes in slope, For the three groups which
trained there is a substantial increase with training (test period 1 versus
test period 3). With stress there is a precipitous drop for both the Bed Rest
and Sleep Deprivation groups (test period 3 versus test period 4). As would be
expected, the Quit Training group also showed a decrease but to a lesser degree
(test period 3 versus test period 4)., Remember that these decreagses occurred
within the span of one week or less. The Quit Training group continued to
decline slowly for the next six weeks (test period 4 versus test period 7).
For the two most severely stressed groups (Bed Rest and Quit Training), the
means bounced back toward pre-stress levels during a two to four week periad

following stress (test periods 5 and 6) and then leveled off or decreased with

some fluctuation for the remainder of the experimental period.
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The curves in Figure 2 show the same general pattern as that discussed above
but in the opposite direction. At a constant work level (75% of maximum pre-
training work load) the pulse rate decreased with training and increased with
deconditioning due to stress.

No significant changes in cardiac output were found under any of the condi-
tions present in this experiment {Tables III and IV). There is no pattern to the
changes in the cardiac output curves in Figure 8 and changes seem to be due to
random variation. In retrospect, maybe this result should have been expected.
When the work load is held constant, a constant amount of energy must be expended
to perform at that level. A constant amount of oxygen would be required to gener-
ate that energy, and if the efficiency of the respiratory system does not change,
a constant volume of blood must be supplied to the muscle. It therefore seems
logical, assuming no significant change in the efficiency of the respiratory
system, that there will be negligible change in cardiac output unless the work
load is changed and that this is true irregardless of the fitness of the subject.
Cardiac output is the product of the pulse rate and the stroke volume., Figure 2

shows that the pulse rate declines with training when the work load is held con-

stant. Since cardiac output remains relatively constant at a constant work load,
the stroke volume must increase with training.
Figure 6 shows that Vozlpulse increases with training. This could be due to

either or both of two factors, increased efficiency of the respiratory system
and/or inecreased volume of blood per pulse, i.e., stroke volume. A change in the

respiratory efficiency would produce a change in the opposite direction in the

cardiac output. Since cardiac output and 0, uptake remain relatively constant
for a given work load it appears that the respiratory efficiency also remains

relatively constant., If the procedure we are using to estimate cardiac output
is valid, stroke volume ig the variable that is significantly changing to com-

pensate for the changing pulse rate to maintain a constant cardlac output.
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It is our subjective impression, after calculating 700 cardiac outputs,
that this procedure lacks precision. The precision may well vary with the
quality of the single breath curve that is obtained and the location of the
points on the curve,

It is also apparent from Figure 2 that there is a dramatic rise in pulse
rate at a constant work load associated with deconditioning due to stress. This
means that deconditioning due to stress results in a dramatic decrease in stroke
volume.

Table V contains the mean pre- and post-training values of all the variables
that were measured. Table VI contains the mean pre- and post-stress values of

all the variables that were measured.
V. Conclusions

l. There was a moderate increase in strength variables due to the training
in this experiment but the stress which the subjects received caused a negligible
change in strength variables.

2. The training program in this experiment resulted in highly significant
changes in specific bicycle ergometer variables indicating good increases in
cardiopulmonary fitness. Five days of bed rest or fifty hours of sleep depriva-
tion caused comparable drastic decreases in cardiopulmonary fitness. Post stress
the subjects reverted to a normal daily schedule and after two weeks they had
recovered about half of what they lost,

3. Cardiac output remains relatively constant at a constant work load but
stroke volume Iincreases with conditioning and decreases with deconditioning due

to stress.
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TABLE V

MEAN PRE- AND POST-TRAINING VALUES OF
THE MEASURED VARIABLES BY GROUPS

! GROUP
VARIABLE | A B c D
5 Slteep
‘ Bed Guit " Depriv-
| Rest Training ation Control
!
ANTHROPOMETRIC © . - .
MEASUREMENTS Pre 36.56 36.44 35.24 35.34
ﬁ;ua f;us Post 36.92 36.38 35.38 35.20
eck (cm Difference 0.36 -0.06 0.14 -0.14
Pre 95.88 95.52 89.26 92,22
Chest (cm) Post 97.92 95.42 89.48 93.18
Difference 2.04 -0.10 0.22 0.96
Pre 30.86 31.28 25.38 293,84
Left Bicep {cm) Post 31.82 31.96 29.90 30.38
Difference 0.96 0,68 0.52 0.54
Pre 31.58 32.66 30.00 30,62
Right Bicep {cm) Post 32.68 33.32 30.48 31.74
Difference 1.10 0.66 0.48 1.12
Pre 26.50 26.10 24.90 25.94
Left Forearm (cm) Post 26.92 26.42 25.40 26.10
Difference 0.42 0.32 0.50 0.16
Pre 27.08 26.73 25.38 26, 26
Right Forearm (cm) Post 27.42 26.96 25.64 26.28
Difference 0.34 0.18 0.26 Q.02
Pre 77.68 77.44 72.94 75.14
Waist (cm) Post 79.24 76.74 7L.94 75.60
Difference L.56 -0.70 -1.00 0.46
Pre 53.14 54. 74 51.96 50.73
Left Thigh (em) Post 54,06 54 .46 5L.74 50.70
Difference 0.92 -0.28 -(.22 -0.08
Pre 53.38 55.24 51.96 50.446
Right Thigh (cm) Post 54 .42 55.22 51.20 51.00
Difference 1.04 ~0.02 -0.76 0.54

&



TABLE V.,. MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
GROUP
VARIABLE A B C D
Sleep
Bed Quit Depriv-
Rest Training ation Control
Pre 36.38 36.70 36. 7 34.34
Left Calf (cm) Post 36.80 36.62 36.48 34.28
Difference 0.42 -0.08 -0.26 -0.06
Pre 37,02 36.84 36.52 34.72
Right calf (cm) Post 37.42 36.78 36.52 34 .54
Difference 0.40 -0.06 0.00 ~0,18
STRENGTH MEASUREMENTS Pre 8.6 5.4 5.6 8.8
Pul]_ups Post 11.0 8.2 8.2 11.2
Difference 2.4 2.8 2.6 2.4
Pre 16.4 16.6 14.0 17.6
Dips Post 18.8 13.6 19.4 16.0
Difference 2.4 3.0 5.4 -1.6
Pre 594 .4 531.6 405.0 623.8
Arm Strength Post 724.6 677.2 566.8 652.2
Difference 130.2 145.6 161.8 28.4
Pre 126.4 113.6 102.0 108.8
Left Hand Grip (lbs) Post 129.2 107.6 102.6 114.0
Difference 2.8 ~-6.0 1.6 5.2
Pre 133.2 124.8 113,2 126.8
Right Band Grip (1lbs) Post 134.0 122.8 110.9 135.2
Difference 0.8 -2.0 -2.4 8.4
Pre 1113 1431 1084 1096
Leg Lift (lbs) Post 1176 1452 1245 974
Difference 63 21 161 -122
Pre 407 37 356 370
Back Lift (lbs) Posat 408 374 368 351
Difference 1 0 12 -19
Pre 2691 2872 2329 2634
Strength Index Post 2835 3029 2662 2532
Difference 204 157 333 -102
Pre 100 102 96 104
Physical Fitness Index Post 104 108 110 98
Difference & 6 14 -6
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TABLE V... MEAN PRE~ AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
;
i
VARIABLE § A B C b
| Sleep
: Bed Quit Depriv-
' Rest Training ation Control
Pre 150 145 125 159
Shoulder Extension Post 166 153 130 143
(1lbs) Difference 17 8 5 -16
Pre 285 287 271 304
Knee Extension Post 295 294 286 310
{1bs) Difference 10 7 15 6
. Pre 326 312 301 292
Ankle ﬂ;g;“ Flexion Post 374 318 333 280
Difference 48 6 32 -12
Pre 1.062 1.124 1.136 1.232
Strength Quotient Post "1.138 1.254 1.306 1.164
Difference 0.136 0.130 0.170 -0.068
PHYSIOLOGICAL VARIABLES
- Pre 70.70 71,78 64 .42 66.44
Weight (kg) Post ' 72.46 7L.60 64.10 67.34
Difference 1.76 -0.18 -0.32 0.90
Pre 5.20 4.86 4,40 5.06
Vital Capacity (1) Post 5.30 4,84 4.38 5.00
Difference °0.10 -0.02 -3.02 -0,06
BLOOD ANALYSES
Pre 7.3 7.2 7.3 7.2
Protein {(mg %) Post 7.1 7.2 7.3 7.3
Difference -0.2 0.0 0.0 0.1
Pre 20.8 92.7 §7.8 86.1
Glucose (mg %) Post 21.1 87.1 84.0 38.7
Difference 0.3 5.6 -3.8 2.6
Pre 482 606 522 519
Total Lipids (mg %) Post 369 564 494 499
Difference -1l13 ~42 -28 ~20
Pre 153 192 167 165
Cholesterol (mg %) Post 134 189 151 152
Difference -19 -3 -16 ~-13
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TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BRY GROUPS....
Continued
GROUP
VARIABLE A B G D
Sleep
Bed Quit Depriv-
Rest Fraining ation Control
Pre 90 86 110 84
Triglycerides (mg %) Post 76 35 67 63.
Difference -14 -1 =43 -21
Pre 193 217 203 190
Phospholipids (mg %) Post 194 199 244 163
Difference 1 -18 41 =27
N Pre 145 144 147 145
Na™ (meq/l1) Post 145 147 147 143
Difference 0 3 0 -2
' Pre 4.0 4.3 4.2 4.2
K" (meg/l) Post 5.3 5.2 5.5 4.9
Difference 1.3 0.9 1.3 0.7
42 Pre 6.0 5.8 6.0 6.1
Ca' ™ (meq/1) Post 6.0 3.7 5.6 5.2
Difference 0.0 -0.1 -0.4 0.9
BICYCLE TEST VARIABLES
Time on Bike Pre 21.6 21.6 20.2 20.6
(1 min) Fost 25.2 25.4 24,2 22,0
Difference 3,6 3.8 4.0 1.4
Systolic Blood Pressure Pre 132 120 126 132
at Rest (mm Hg) ) Post 1246 126 126 121
Difference -6 6 G -11
Systolic Blood Pressure gret {22 iig iﬁo 145
at 25% Load (mm Hg) os 47 141
Difference -5 2 ~13 -4
Systolic Blood Pressure izzt igg igg i;g i66
at 50% Load (mm Hg) , 39
Difference -3 14 -11 -7
, Pre 133 172 190 173
Systolic Blood Pressure
o Post 180 181 184 177
at 75% Load (mn Hg) Difference -3 9 -5 4
Systolic Blood Pressure Pre 180 180 136 170
at 180 P.R. (mm Hg) Post 205 193 127 180
Difference 25 13 11 10




TABLE v.,, MEAN PRE- AND

POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
j GROUP
VARIABLE A B C D
! Sleep
! Bed Quit Depriv-
; Rest Training ation Gontrol
1
Svstolic Blood Pressure Pre %zz i?g igg Jilif
at Recovery {mm Hg Post ? e
“ Difference -1 12 12 el
76
Diastolic Blood Pressure gret gé ;2 ;2 76
at Rest H 05 i1
est (mm Hg) Difference -3 1 -2 Y
Diastolic Blood Pressure gret gg ;g gﬁ ;f;j
at 25% Load Hz 0s o
“ (mm Hg) Difference -6 -1 -7 50
Diastolic Blood Pressure gz:t 22 22 gf jég
) + '
at 50% Load (mm Hg) Difference -6 0 -5 S 4
Diastolic Blood Pressure Pre 62 66 65 67
at 75% Load (mm Hg) Post 63 63 65 ~69
° Difference 1 -3 0 )
Diastolic Blood Pressure Pre 63 62 66 Hmé?
at 180 P.R. (mm Hg) Post 61 61 62 <262
e 8 Difference =2 -1 -4 -5
. . Pre 78 10 79 76
Dla;totichl?od gr;asure Post 70 68 75 70
at Recovery {(mm Hg Difference -3 -2 -4 )
Pre 79,2 84.0 86.4 01,2
PU1S§eRitj at $ESt Post 76.8 77.6 77.6 30.8
(beats/min. Difference  -2.4 -6.4 -8.8 -=10,4
i Pre 105.8 L14.4 122.4 L22.4
PULSEEEi;j at ?5‘ Load Post 104.8 103.2 107.2 11106.4
{ min. Difference  <4.0 -11.2 -15.2 +516.0
Pre 139.2 135.4 152.0 150.4
Pulse Ritj a goz Load Post 124.8 124.8 130.4 “139. 2
(beats/min. Difference  ~l4.4 -13.6 -21.6 LAlL. 2
- Pre 169.6 1656.4 180.0 . 175.2
PUISE Riti a ;54 Load Post 148.8 152.0 159.2 ::163.0
(beats/min. Difference -20.8 -14.4 -20.8 17,2




TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
! GROUP
VARIABLE | A B C D
| Sleep
; Bed Quit Depriv=-
1 Reat Training ation Control
Pre 130.0 180.0 179.2 179.2
Pulse Rate at 180 Post 180.0 130.0 178.4 179.2
(beats/min.) Difference 0.0 0.0 -.8 0.0
Pre 113.6 105.6 116.8 117.6
P“t§2a§:;;i§t)Re°°verV Post 106.4 116.0 109.6 104.8
) Difference -7.2 10.4 -7.2 -12.3
. Pre 14.2 11.2 12.2 14.0
VE BTPS at Rest (1) Post 12.8 13.2 15.2 13.0
Difference -1.4 2.0 3.0 4.0
. Pre 27.0 28.0 24 .4 31,2
VE BTPS at 25% Load (1) Post 28.4 28.0 29.8 29.8
Difference 1.4 0.0 5.4 -1.4
. Pre 45.8 44.2 45,2 40.4
VE BTPS at 507 Load (1) Post 44 4 40.8 43.4 41.2
Difference ~1.4 -2.4 -1.8 0.8
. Pre 65.2 66.0 62.0 63.4
VE BTPS at 75% Load (1) Post 61.0 60.0 62.2 61.6
Difference 4.2 -6.0 0.2 -1.8
. Pre 77.4 85.2 60.6 64.0
VE BTES at 180 P.R. (1) Post 103.,0 110.4 92.8 71.6
Difference 25.6 25.2 32.2 7.6
. Pre 22,6 21.2 17.6 21.6
Vg BTPS at Recovery (1) Post 23.4 26.0 24.0 13.2
Difference 0.8 4.8 b.4 -2.4
. Pre 11.4 3,2 10.0 11.6
Vg STPD at Rest (1) Post 10.6 10.6 12,6 15.0
Difference -0.8 1.4 2.6 3.4
. . Pre 22.2 23.2 20,2 26.0
Vg STED at 25% Load (1) Post 23.8 23.4 25.0 248
Difference 1.6 0.2 4.8 -1.2
. Pre 37.8 36.8 37.2 33.6
VE STPD at 50% Load (1) Post 37.0 34.0 36.2 34.2
Difference -0.8 -2.8 -1.0 0.6




TABLE V...

MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
: GROUP
VARIABLE § A B c D
! Sleep
i Bed Quit Depriv-~
i Rest Training ation Control
. Pre 54,0 54.8 51.2 52.4
Vi STPD at 75% Load (1) Post 50.8 50.0 51.8 51.6
E
Difference -3.2 4.8 0.6 -0.8
. Pre b .4 71.0 50.4 53.0
VE STPED at 180 P.R. (1) Post 86.2 9l.4 73.6 £9.8
Difference 21.8 20.4 23.2 5.8
. Pre 18.6 17.4 15.0 18.0
V; STPD at Recovery (1) Post 19.8 21..8 20.2 16.2
Difference 1.2 4.4 5.2 -1.8
Pr 18.0 11.4 13.5 11.4
Respiratory Rate —at Post 16.0 12.0 1302 11.2
Rest (breaths/min.) pifference  -2.0 0.6 20.4 -0.2
Respiratory Rate at Pre 25 .4 20.& 20.4 21.6
25% Load (breaths/min.) Post 21.6 19.2 23.0 18.0
Difference ~-3.8 -1.2 2.6 -3.6
. Pre 27.4 21.6 26.2 20.4
Respiratory Rate at Post 23.6 21.6 26,0 20.2
50% Load (breaths/min.) pifrerence -3.8 0.0 -2.2 0.2
. Pre 33.2 il.é6 30, 1.
Respiratory Rate at * Post 28.4 2%.6 32 2 26 2
75% Load (breaths/min.)  pireovence 4.8 -7.0 1.3 -5.4
Pre 35.8 38.4 31, .
Respiratory Rate at Post 37.4 39.4 e e
180 P.R. (breaths/min.) Difference 1.6 1.0 9‘8 5'8
; Pre 21,8 14.8 15.6 13.2
Regpiratory Rate at Post 19.2 20.0 17 4 16.2
Recovery (breaths/min.) Difference  -2.6 5 o 18 3.0
, re 0.8 .00 1.00 1.22
Tidal Volume at Post 0.78 1.12 1.12 1.76
Rest (1) Difference -0.06 0.12 0.12 0.54
. Pre 1.08 1.42 1.18 1.66
Tidel YOlUIy Post 1.3 1.48 1.36 1.90
° Difference 0.26 0.06 0.18 0.24
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TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
i GROUP
VARIABLE ! A B C D
; Sleep
f Bed Quit Depriv-
5 Rest Training ation Control
. Pre 1.66 2.06 1.72 2.18
gggaﬁ Vgluﬁe at Post 1.90 1.% 1.82 2.43
» Load (1) Difference 0.2 -0.12 0.10 0.30
, N Pre 2,02 2.14 2.06 2.12
gggai VEI“T; at Post 2.16 2 .44 1.98 2.62
> Load ( Difference O.14 0.30 -0.08 0.50
. . Pre 2.26 2.26 1.9 2.28
flda; VQIUTE at Post 2.80 2,68 2.14 2.32
80 B.R. (1) Difference 0.54 0.42 0.20 0.04
Pre 1.12 1.50 1.18 1.86
Tidal V°1“?e at Post 1.22 1.32 1.48 1.38
Recovery (1) Difference  0.10 -0.18 0.30 -0.48
] Pre 0.324 0.267 0.344 0.344
Vg, at Rest (1) Post 0.299 0.304 0.371 0.452
2 Difference -0.025 0.037 0.027 0.108
. Pre 0.776 0.849 0.809 0.899
Veg, 2t 25% Load (1) Post 0.831 0.847 0.909 0.503
2 Difference 0.055 -0.002 0.100 0.004
) Pre 1.506 1.528 1.556 1.347
Voo, 2t 50% Load (1) Post 1.451 1.334 1.425 1.421
2 Difference -0.055 -0.144 -0.131 0,074
. Pre 2.185 2.112 2.37% 2.018
Vgo, 3t 75% Load (1) Post 2.029 2.073 2.045 2.083
2 Difference -0.156 -0.039 -0.129 0.065
) Pre 2.523 2.571 2.079 2,043
Voo, at 180 P.R. (1) Post 3.215 3.278 2,753 2,342
2 Difference 0.692 0,707 0.67 0.294
) Pre 0.520 0.531 0.4568 0.528
VCO at Recovery (1) Post 0.540 0.606 0.593 0.471
‘2 Difference 0.029 0.075 0.125 -0.057
) Pre 0.352 0.316 0.393 0.370
V,, at Rest (1) Post 0.309 0.337 0.391 0.447
) Difference -0.043 0.021 -0.002 0.077




TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....
Continued
; GROUP
i
VARTARBLE i A B C D
Sleep
Bed Quit Depriv-
Rest Training ation Control
. Pre 0.921 1.026 0.932 0.990
Vg, at 25% Load (1) Post 0.958 0.983 1.096 0.992
2 Difference 0.037 -0.043 0.114 0.002
. Pre 1.609 1.681 1.687 1.437
Vp., at 50% Load (1) Post 1.586 1.543 1.608 1.507
2 Difference -0.023 -0.138 -0.079 0.070
. Pre 2.212 2.352 2.273 2.066
Vy, at 75% Load (1) Post 2.130 2.189 2,247 7,113
2 Difference -0.082 -0.163 -0.026 0.047
) Pre 2.516 2.675 2.189 2.049
vy, at 180 P.R. (1) Post 3.159 3.276 3,024 2.390
2 Difference 0,643 0.601 0.835 0.341
) Pre 0.506 0.570 0.487 0.518
Vg, at Recovery (1) Post 0.544 0.634 0.595 0.487
2 Difference 0.038 0.064 0.108 -0.031
) Pre 4.50 4.72 4,62 4,14
VO /Pulse at Rest (1) Post 4.08 4,60 5.32 5.44
2 Difference -0.42 0.88 0.70 1.30
] Pre 8.62 8.93 .06 8.18
Vg,/Pulse at 25% Load (1) Post 9.22 9.64 10.38 9.42
2 Diffarence 0.60 0.66 2.32 1.24
) Pre 11,58 12.16 11.14 9.68
Vs fPulse at 50% Load (1) Post 12,78 12.42 12,42 10.96
2 Difference 1.20 0,26 1.28 1,28
. Pre 13.04 14.12 12.66 11.90
vy /Pulse at 75% Load (1) Post 14.38 14 .44 14.14 12.66
2 Difference 1.3 0.32 1.48 0.76
) Pre 13.96 14.36 12.20 11.40
V, /Pulse at 180 P.R. Post 17.56 13.20 16.20 13.30
2 {1) Difference 3.60 3.34 4.00 1.90
. Pre 4.48 5.32 4.16 4.48
Vg /Pulse at Recovery (1) Post 5.12 5.52 5.52 4,74
2 Difference 0.64 0.20 1.36 0.26




TABLE vy,.,, MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARTIABLES BY GROUPS....

Cont tnued
; GROUP
|
VARIABLE 5 A B ¢ D
i Sleep
I Bed Quit Depriv-
i Rest Training ation Control
. Pre 4.96 4.36 6,12 5.48
Vg, /kgbw-min. at Rest Post . 4.30 4,70 6.14 5.60
{ml) Difference -0.66 0.34 0.02 1.12
. s Pre 13.14 14.24 15,26 14.88
Vg, /kgbu-min. at Post 13.24 13.72 17.04 14.88
25% Load (ml) Difference 0.10 -0.52 1.78 0.00
vy /kgbw-min, at Pre 22.76 23.50 26.20 21.80
2 Post  21.90 21.58 25.02 22.56
50% Load (ml) Difference -0.86 -1.92 -1.18 0.76
{)‘0 Jkgbw min at Pre 31.28 32.84 35.32 31.42
2 Post 29.44 30.58 34.98 31.78
75% Load (rl) Difference -1.84 -2.26 -0,34 0.36
Vo, /kghw-min, at Pre 35.46 37.22 33.90 31.44
2 Post £3.46 45,74 bt 94 36.16
180 P.R. (mwl) Difference 8.00 8.52 11.04 4.72
&0 /kgbw-min. at Pre 7.14 7.88 7.60 7.90
2 Post 7.50 8.86 9.28 7.36
Recovery (ml) Difference 0.35 0.98 1.63 -0.54
<o Pre 39,92 36,9 30.98 36,84
Vp/Vp, at Rest Post  41.76 39.70 37.40 38.86
(1) Difference 1.84 2.76 6.42 2.02
Vg/Vy, at 25% Load Pre 29.16 27.06 25.12 30.98
2 Post 30.08 28.36 27.68 29.84
(1) Difference 0.92 1.30 2.56 -1.14
Vo/V. at 507 Load Pre 28.36 26.28 26.82 23.10
£/ 0y L Post 28,22 26.32 27.42 27.14
(1 Difference -0.14 0.04 0.60 «0.96
L e o Pre 29.40 27.88 27.38 30. 64
Ve/V, at 75% Load .
e/%0 Post 28.78 27.26 28.04 29.12
(L) Difference .0, 62 -0.62 0.66 -1.52
C Pre 30.80 31.54 27.78 31,72
v, at 180 P.R. .
ve/Yo, Post 32.60 33.48 30.58 30.76
(L) Difference 1,80 1.94 2.80 -0.96




TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUP?...é
Continue

: GROUP
|
VARTABLE A B c D
Sleep
H Bed Quit Depriv-
i Rest Training ation Control
{FE/{IO at Recovery Pre 44-26 38 .32 37- 00 42.00
2 Post 43.34 41,06 41,24 39.40
1) Difference -0,92 2.74 4. 24 -2.60
Pre 5.14 3.76 6.10 4.50
Cardiac Cutput at Rest i
S iy Post 4.32 3.50 6.02 5.32
Difference ~-0.82 ~0.26 -0.08 0.42
Cardiac OQutput at 25% Pre 8.12 8.24 9.34 2.06
LQad (limin.) PDSt 8.32 8-84 10.06 8-80
Difference .20 0.60 0.72 -0.26
A ¢ 507 Pre 12.22 12.02 13.00 10.54
foed T mpiput st 0% Post  11.12 12.16 12.86 11.00
) Difference -1.10 0.14 -0.14 0.46
. Pre 13.10 13.34 14.56 12.30
gargiiiloztp;t at 75% Post  12.18 14.52 13.00 13.88
oa min. Difference =-0.92 1.18 -1.56 1.58
Cardiac Qutput at Pre 8.52 7.46 7.82 7.40
Recovery (Lindn.) Post 9.14 8.24 8.28 8.40
Difference 0.62 0.78 0.46 1.00
) Pre 0.912 0.860 0.872 0.908
;g:g;r:§°;ysfx°ha“ge Post 0.958 0.898 0.916 0.982
¢ Difference 0.046 0.038 0.044 0.074
Pre 0.842 0.824 0.326 0.904
geizir§§°;§7E§§zznge Post 0.866 0.856 0.828 0.902
atio . Difference 0.024 0.032 0.002 -0.002
. Pre 0.938 0.906 G.922 0.938
§3i31‘3§°§§e3§§§§“ge Post 0.916 0.898 0.838 0.942
e - Difference ~0.022 -0.008 -0.034 0.004
Pre 0.986 0.900 0.958 0.980
Respiratory Exchange
Sotro at 73l Lead Post 0.958 0.948 0.912 0,982

Difference -0.028 0.048 -0.046 0.002




TABLE V... MEAN PRE- AND POST-TRAINING VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
i GROUP
|
VARIABLE g A B c D
; Sleep
; Bed Quit Depriv-
i Rest Training ation Control
Pre 1.000 0.964 0.950 0.5986
R A .
R::gi"::"go&;cga“ge Post 1.016 1.000 0.952 0.982
. Difference 0.016 0.036 0.002 -0, 004
, Pre 1.016 0.952 0.968 1.022
R o "
Rapbirarory cfv‘;i_fi“ge Post 0.990 0.954 0.9% 0.966
3 Difference -0.026 0.002 0.026 -0.056




TABLE VI

MEAN PRE- AND POST-STRESS VALUES OF THE

MEASURED VARIASBLES BY GRCUPS

{ GROUP
VARIABLE ! A B c D
% Sleep
i Bed Quit Depriv-
; Rest Training ation Control
STRENGTH MEASUREMENTS Pre 166 153 130 143
Shoulder Extension Post 156 142 120 135
(lbs) Difference -10 -11 -10 -8
Pre 295 294 286 310
Knee Ex§§§s§°“ Post 284 314 259 269
s Differeunce -11 20 -27 ~41
. Pre 374 318 333 280
Ankle Pt?2:§r Flexzion Post 352 338 217 300
Difference -22 20 -14 20
Pre 1.198 1.254 1.306 1.184
Strength Quotient Post 1.134 1.298 1.210 1,110
Difference -0.064 0.044 -0.0586 -0.054
BLOOD ANALYSES Pre 7.1 7.2 7.2 7.3
; o Post 6.6 7.3 7.6 7.2
Prot % :
rotein (mg %) Difference -0.5% 0.1 0.4 -0.1
Pre 91.1 87 84.0 88.7
Glucose (mg %) Post 84.9 87.3 91.4 86.3
Difference 6.2 0. 7.4 -2.4
Pre 369 564 493 498
Total Lipids (mg %) Post 401 632 463 486
Difference 32 63 =3 -12
Pre 134 188 151 151
Cholesterol (mg %) Post 135 188 158 46
Difference 1 0 7 -5
Pre 76 85 67 63
Triglycerides (mg %) Post 123 130 35 67
Difference &7 45 -32 4
Pre 164 199 244 163
Phospholipids (mg %) Post 185 200 204 186
Difference -9 1 =40 23
Pre 145 148 147 143
Na¥ (meq/1) Post 148 149 148 144
Difference 3 1 1 1
Pre 5.3 5.2 5.5 4.9
k¥ (meq/l) Post 5.5 5.4 5.4 4.8
Difference 0.2 0.2 -0.1 -0.1

A4



TABLE VI....

MEAN PRE- AND FOST-STRESS

VALUES OF THY MEASURED VARIABLES BY GROUPS....

Continued
i GROUP
VARIABLE ! A B c D
: Sleep
i Bed Quit Depriv-
i Rest Training ation Control
2 Pre 5.9 5.7 3.6 5.2
Ca = (meq/l) Post 5.9 5.6 5.8 5.5
Difference =-0.0 -0.1 0.2 0.3
BICYCLE TEST VARIABLES Pre 25.2 25.4 24.2 22.0
Time on Bike (win.) Post 20.8 24,2 21.2 21,2
Difference -4.4 -1.2 -3.0 -0.8
. , Pre 126 126 126 121
zi‘s;z;zc(gi“’;d)l’re““e Post 123 128 138 113
8 Difference -3 2 12 -8
Systolic Blood Pressure Pre 144 142 147 141
at 25% Load (mm Hg) Post 146 148 157 132
' Difference 2 6 10 -9
Svystolic Blood Pressure Pre 158 168 1§6 159
at 50% Load (mm Hg) Post 159 171 173 148
Difference 1 3 7 -i1
1
Systolic Blood Pressure Pre ;75 181 i84 177
at 75% Load (mm Hg) Post 82 187 96 176
? Difference 7 6 12 -1
Systolic Blood Pressure Pre %05 i93 127 180
at 130 P.R. (mm Hg) Post 86 89 124 175
) Difference =19 =4 -3 -5
: . Pre 140 150 150 138
Systolic Blood Pressure
_ Post 140 146 148 129
at Recovery (um Hg) Difference 0 -4 ) -0
Diastolic Blood Pressure Pre ;g 7; 74 76
t Rest (mm Hg) Post 7 77 75
a Difference -5 5 3 -1
Diastolic Blood Pressure gz:t 2? ?g ?; 3?
at 25% Load (mn Hg) Difference -1 4 3 -3
Diastolic Blood Pressure gret gg 22 g; ;g
at 50% Load (mm Hg) , 208
Difference i -2 5 -3
Diasteolic Blood Pressure gret gg gg gg gg
at 75% Load {(um Hg) o8
Difference -1 2 3 -6




TABLE VI...

. MEAN PRE- AND POST-3TRESS VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
i GROUP
i
VARTABLE | A B C D
i Sleep
i Bed Quit Depriv-
1 Rest Training ation Control
Diagtolic Blood Pressure gzst 2; g; 25 2%
at 180 P.R. (um Hg) Difference 1 2 1 5
Diastolic Blood Pressure ?;:t ;g ?? ;g ;g
at Recovery (mm Hg) Difference 6 3 5 3
Pre 76.8 77.6 77.6 80.8
P“igeaiajeizt)RESt Post 92.0 79.2 88.8 83.2
cats/min. Difference 15,2 1.6 11,2 2.4
] Pre 104 .8 103.2 107.2 106.4
P“tizaiaﬁei:t)25£ Load Post 115.2 104.0 116.8 109.6
S/min. Difference 10.4 0.8 9.6 3.2
. Pre 124.5 124.8 130.4 139, 2
P“tge iaﬁeiat\5°* Load Post 164.0 129.6 145. 6 137.6
cats/min.} Difference 19.2 4.8 15.2 -1.6
Pre 145.0 152.0 159.2 168.0
P“tgzaiaﬁeiat)75% Load Post 169.0 160.0 172.0 172.8
s/min. Difference 24.0 8.0 12.8 4.8
A Pre 180.0 180.0 178.4 179.2
P“E;Eaizﬁgiit)lso Post 180.0 180.8 180.0 178.4
* Difference 0.0 0.8 1.6 -0.8
Pre 107.0 116.0 109.6 104,85
Pulzzaigﬁeizt)RE°°“ery Post 117.0 105.6 115.2 112.8
( . Difference 10.0 ~10.4 5.6 3.0
X Pre 12.8 13.2 15,2 18.0
Vg BTPS at Rest (1) Post 4.4 16.4 15.8 20.4
Difference 1.6 3.2 0.6 2.4
. Pre 28.4 28.0 29.8 29.
Vg BIPS at 25% Load Post 28.6 30.4 32.4 29.0
(1) Difference 0.2 2.4 2.6 -0.8
. Pre L4 4 40.8 43.4 41.2
Vg BTPS(ig 50% Load Post 45.6 43.8 46.4 42.8
Difference 1.2 3.0 3.0 1.6
. . Pre 63.0 0,0 62.2 61.6
Vg BTPS(ig 75% Load Post 67.0 70.4 64.6 61.4
Difference 4.0 10.4 2.4 -0,2

26



TABLE VI.... MEAN PRE- AND POST-STRESS VALUES OF THE MEASURED VARIABLES BY GROUPS. ...
Continued
% GROUP
i
VARIABLE A B c D
| Sleep
i Bed Quit Depriv-
. Rest Training ation Control
. Pre 103.0 110.4 92.8 71.6
Vs BTPS at 180 P.R. Post 78.0 101.8 74.4 67.8
(1 Difference -25.0 -8.6 ~18.4 -3.8
. Pre 20.7 26.0 24,0 19.2
Vp BIPS at Recovery (1) Post 18.2 26.6 19.2 19.0
Diiference =2.5 -1.4 -4.8 -0.2
. Pre 10.6 10.6 12.6 15.0
Vp STPD at Rest @3] Post 12.0 13.6 13.0 16.6
Differznce 1.4 3.0 0.4 1.6
. Pre 23.8 23.4 25.0 24.8
Vy STPD at 25% Load (1) Post 2%, 2 25.2 26.8 2%.0
Difference 0.4 1.8 1.8 ~0.8
. Pre 37.0 34.0 36,2 34.2
Vg STED at 50% Load (1) Post 38.4 36.2 38.8 35.4
Difference 1.4 2.2 2.6 1,2
. Pre 52.5 5.0 51.8 51.6
Vg STED at 75% Load {1} Post 56.5 58.4 533.6 50.6
Difference 4.0 8.4 .8 -1.0
. Pre 86.2 91.4 73.6 59.8
Vg STEFD at 180 P.R. (1) Post 65.6 £6.8 62.0 61.6
Difference ~20.6 -4.6 -11.6 1.8
. Pre 17.7 21.8 20.2 16,2
Vg STPD at Recovery (1) Post 15.5 20,0 15.8 16.0
Difference -2.2 -1.8 =44 -0,2
Pre 16.0 12,0 13,2 11.2
Respiratory Rate at Rest Lo . .
{breaths/min.) . Post 16.8 3.0 15.6 16.8
Difference 0.8 1.0 2.4 5.6
Respiratory Rate at 25% gz:t 2.6 19.2 23,0 18.0
Load. (breaths/min.) , 21.2 18.2 5.0 23.0
Difference =0.4 -1.0 2.0 5.0
Respiratory Rate at 50% iret 23.6 2L.6 24.0 20.2
Load {breaths/win.) o8 25.2 23.2 26.6 22,4
Difference 1.6 1.6 2.6 2.2




TABLE vyI,...MEAN PRE- AND

POST-STRESS VALUES OF THE MEASURED VARIABLES BY GROUPS...

Continued
E GROUP
VARIABLE, | A B c D
{ Sleep
Bed Quit Depriv-
i Rest Training ation Control
Pre
Respiratory Rate at 75% Post 32'2 %g'g g%'i ;g'g
Load (breaths/min.) Dif ference «1:8' 7:4 1:0 1:6
. Pre 17.4 19.4 41.6 33.4
Respiratory Rate at Post 29,2 41.6 4O .4 32.4
180 P.R. (breaths/min.) pifference -8.2 2.2 -1.2 -1.0
. Pr 13.5 20.0 17.4 16.2
Respiratory Rate at Post 17.7 20.4 17.0 13.2
Recovery (breaths/min.) Differance ~O.8 0.4 0.4 2.0
Tidal Volume at Rest ngt g-;g i*éz }'éﬁ i'zg
1) Difference .04 0.12 -0.08 -0.34
. Pre 1.34 1.48 1.36 1.30
g;;aiozglﬁf§ at Post 1.38 1.86 1.28 1.54
° Difference 0.04 0.38 -0,08 -0.3%6
_ Pre 1.90 1.94 1.82 2,48
Tidal Volure at Post 1.82 1,90 1.78 2.2
50% Load (1) Difference -0.08 -0.04 -0.04 -0.24
. Pre 2.25 2.44 1.98 2,62
Tidal Volume at Post 2.55 2.24 1.98 2.42
75% Load (1) Difference 0.30 -0.20 0.00 -0.20
Pre 2.80 2,68 2.14 2.32
E;ga; ;01?T§ at Post 2.62 2.50 1.86 2.30
s Difference -0.18 ~0.18 -0, 28 ~-0,02
] Pre 1.12 1.32 1.43 1.33
glfiieXOL?Tf at Post 1.10 1.2 1.12 1.16
scovery Difference -0.02 -0.08 -0.36 -0.22
. Pre 0.299 0.304 0.371 0.452
Voo, 2t Rest (1) Post 0.354 0.346 0.380 0.442
Difference  (3.055 0.042 0.009 -0,010
) Pre 0.831 0.847 0.909 0.903
Voo, at 25% Load £1) Post 0.902 0,904 0.832 0.814
2 Difference 0.071 0.057 -0.027 -0.089
) Pre 1.451 1.384 1.425 1.421
Voo, at 50% Load (1) Post 1.546 1.412 1.451 1.432
2 Difference 0.095 0,028 0.026 0.011
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TABLE vI.... MEAN PRE- AND POST-STRESS VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
g GROUP
i
VARIABLE : A B C D
i Sleep
. Bed Quit Depriv~
; Rest Training ation Control
. Pre 2.075 2.073 2.045 2,084
Voo, at 75% Load (1) Post 2,278 2.209 2,035 1.994
2 Difference 0,203 0.136 -0.010 -0,0%0
. Pre 3,215 2,278 2.753 2.342
Voo, at 180 P.R. (1) Post 2.548 2.926 2.228 2.168
2 Difference -0.667 -0.5352 -0.525 -0,174
. Pre 0.438 0. 606 0.593 0.471
VCOZ at Recovery (1) Post 0.445 0.547 0.436 0.442
Difference =-0.043 -0.059 -0,.157 -0,028
. Pre 0.308 0,337 0.391 0,447
Vy. at Rest (1) Post 0.372 0.382 0.426 0.414
2 Difference 0.064 0.045 0.035 -0,033
) Pre 0.958 0,283 1.096 0.992
¥V at 25% Lead (1) Post 1.0L2 1.054 1.064 0.942
) Difference 0.054 0.071 -0.032 -0.050
. Pre 1.586 1.543 1,608 1.507
Vg, at 50% Load (1) Post 1.645 1.569 1.633 1.521
2 Diffevence 0.059 0.026 0.025 0.014
. Pre 2,181 2.189 2.247 2.113
v, at 75% Load (1) Post 2.317 2.366 2,227 2.177
2 Difference 0,136 0.177 -0.020 0.0¢4
. Pre 3.159 3,276 3.024 2.390
Vo, at 180 P.R. (1) Post 2.553 3,055 2.454 2:209
2 Difference 0,606 -0.221 -0.570 -0.181
) Pre 0.495 0.634 0.595 0.487
Y .at Recovery (1) Post 0.479 0.591 0.487 0.482
2 Difference -0.016 -0.043 ~-0.108 -0.005
. Pre 4.08 4,60 5.32 5.44
Vo [fpulse at Rest (ml) Post 4,10 4.80 S.14 4.5%
2 Difference 0.02 0.20 -0.18 -0.50
< Pre 9,22 9. 64 10.38 9.42
Voz’Pulsimig 25% Load Post 9,00 10.22 9.28 8.68
Difference -0,22 0.58 -1.10 -0.74




TAELE VI....

MEAN PRE- AND POST-3TRESS VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
% GROUP
[
¥
VARTABLE : A B c D
! S5leep
| Bed Quit Depriv-
i Rest Training ation Control
V. /pulse at 507 Load Pre 12.78 12.42 12.42 10.96
0p P ) o Post 11.70 12.12 11.34 11,14
Difference -1.08 -0.30 -1.08 0.18
v Jpulse at 75% Load Pre 15.05 14.44 14.14 12,66
0y P ) i Post 13.77 14. 74 13.02 12.56
Difference -1.27 0,30 -1.12 -0.10
. Pre 17.56 18.20 16.20 13.30
Vo /P“1s§ i; 180 P.R. Post 14. 14 16.30 13. 64 12.34
o Difference -3.42 -1.30 -2.56 -0.96
- Pre 4.62 5.52 5.52 b, 7h
Vo, pulse at Recovery Post 4.10 5.70 4.22 4.34
(ml) Difference  =0.52 0.18 -1.30 -0.40
' Pre 4.30 4.70 6. 14 6.60
VOz/kgbwiﬁi§' at Rest Post 5.08 5.32 5.66 6.16
Difference 0.75 0.62 0.52 -0.44
. ) Pre 13.24 13.72 17.04 14.88
/ .
Vp,/kebw-min. at Post 13.88 14.78 16. 70 14.36
25% Load (ml) Difference  0.€4 1.06 ~0.34 -0.52
e Pre 21.90 21.58 25.02 22.56
Vo, rgbvemin. at Post 22.50 21.96 25.66 23.16
507 Load (nl) Difference  0.60 0.38 0.64 0,60
s Pre 29.67 30.58 34,98 31.78
Vg, /kgbv-min. at Post 31.25 32,14 34,94 32.82
75% Load (al) Di fference 1,58 2.56 -0.04 1,04
Vg, /kgbwemin. at Pre 43.46 45.74 44.9 16.16
2 Post 34.76 42.82 33.32 33.86
180 P.R. (ml) Difference -8.70 ~2.92 ~6.62 -2.30
- Pre 7.05 8.86 9.28 7.36
Vo, /kgbv-min. at Post 6.72 3.28 7.6 7.34
Recovery (ml) Difference -0.33 =0.58 ~1.64 0,02
.. Pre 41.76 39,70 37.40 38,86
VE/Vb at Rest (1) Post 38.66 41.48 37.68 48.46
2 Difference =3.10 1.78 0.28 2.60

o0



TABLE VI.... MEAN PRE- AND POST_STRESS VALUES OF THE MEASURED VARTABLES BY GROUPS....

Continued
; GROUP
{
g
VARTABLE i A B C D
i Sleep
Bed Quit Depriv-
! Rest Training ation Control
o e . Pre 30.08 28.36 27.63 20,84
Ve/Vo, ?E)zsg Load Post 2¢.28 28. 64 30.18 30.84
Difference -1.80 0.28 2.50 1.00
G e . Pre 28,22 26.32 27.42 27.14
Ye/Vo, ?E)SOA Load Post 27.76 27.883 28.58 28.20
Difference «0.46 1L.56 1.16 1.06
v I " Pre 29,05 27.26 28.04 29,12
Ve/Vo, ?§)754 Load Post 29.02 29.46 29.06 28.18
Difference -0.03 2.20 1,02 -0.9
Lo Pre 32.60 33.453 30.58 30.76
Ve/Vo, ?2)180 P.R. Post 29.96 33,26 29.96 31.28
pifference -2, 64 -0.22 -0.,62 0.52
< Pre 42,65 41.06 41,24 39,40
Ve/Yo, ?ine°°VerY Post 38.42 41.70 39.44 39.84
Difference  -4.23 0. 64 -1.80 Q.44
N Pre 4.32 3.50 6.02 5.32
“ar“lac(f$;§§§ at Rest Post 5.16 1,18 4.86 5.44
Difference  0.84 -0.32 -1.16 0,12
i . Pre §.32 8,84 10.06 3.80
Cardiac Qutput at Post 9.36 8.62 9.32 8.32
25% Load (1/min) Difference  1.04 -0.22 -0.74 -0.48
Pre .12 12.16 12.86 11.00
gg;diigdo?tﬁign?t Post 11.26 12.70 12.50 11.14
° ' Difference 0.14 0.54 -0.36 0.14
Cardiac Output at Pre 13.40 14.52 13,80 13,88
75% Load (l/min) Post 13.65 13.50 14.72 13.50
Difference 0.25 -1.02 0.922 -0,38
cardiac Output at Pre 8.32 8. 24 8.28 8.40
kecovery (1/min) Post 8.90 7.80 7.82 7.34
e Difference 0D.58 -0.44 -0.46 -1.06
Respiratory Mrchange Pre C.958 0.893 0.916 0.982
Ratio at Rest Post 0, 942 0.836 0.886 1.066
Difference -0,016 -0.012 -0.030 0.084




TABLE v1....

MEAN PRE- AND POST-STRESS VALUES OF THE MEASURED VARIABLES BY GROUPS....

Continued
; GROUP
VARTABLE % A B C D
; Sleep
; Bed Quit Depriv-
i Rest Training ation Control
) Pre 0.866" 0.856 0.828 0.902
R - - - -
RegL ratory Fechange Post 0.890 0.854 0.822 0.866
" Difference 0.02% -0.002 -0.006 -0.036
) Pre 0.916 0.893 0.888 0.942
R . - - -
R§i§2r§t°§§?ﬁig::nge Post 0.340 0.900 0.8%% 0.942
° Difference  0.02 0.002 0.006 0.000
. Pre 0.957 0.948 0.912 0.982
g::?;rgt°§§7ﬂfgzgnge Post 0.987 0.938 0.916 0.924
° Difference 0.030 -0.,010 0,004 0,058
Respiratory Exchange Pre 1.016 1.000 0.952 0.982
Ratic at 180 P.R. Post 0.992 0.958 0. 900 0.980
Difference -0.0% -0.042 -0.052 -0.002
. Pre 0.985 0.954 0.9% 0.966
izigzrzﬁ°ézcgiziange Post 0.935 0.928 0.900 0.918
¥ Difference -0.050 -0.026 -0.094 -0.048

Y4
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